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Introduction
Malignancy induces a hypercoagulable state and increases the risk of thromboembolic events (TEEs). Cisplatin-based neoadjuvant chemotherapy (NAC) followed by radical cystectomy is the standard of care for suitable patients with muscle-invasive bladder cancer as it confers a significant survival benefit in patients with locally advanced bladder cancer compared with radical cystectomy alone [1, 2] . A potential disadvantage of plat-TEE. On univariate and multivariate regression analysis, NAC prior to radical cystectomy was an independent predictor for TEE prior to radical cystectomy (p = 0.033 and p = 0.043, respectively). The effect of perioperative anticoagulation on operative blood loss and postoperative hemoglobin level was not statistically significant between both groups (p = 0.22 and p = 0.08, respectively). Conclusion: Neoadjuvant cisplatin-based chemotherapy is a significant predictor for preoperative TEE in patients undergoing radical cystectomy.
Curr Urol 2016;10: [132] [133] [134] [135] Preoperative Thromboembolic Events in Radical Cystectomy Patients 133 inum-based chemotherapy in the perioperative setting is an increased risk of perioperative TEEs [3] [4] [5] . The aim of this retrospective analysis was to investigate the effect of cisplatin-based NAC on the incidence of preoperative TEEs in patients undergoing radical cystectomy. We also assessed the effect of therapeutic anticoagulation on operative blood loss.
Materials and Methods

Overview of Study Design
Approval for the study was granted by the ethics board of St. Vincent's University Hospital, Dublin, Ireland. Patients undergoing radical cystectomy for muscle invasive bladder cancer were identified from a prospectively maintained operative database from 2005 to 2015. A retrospective matched case-control study was conducted and patients were divided into 2 groups. Group 1 (n = 20) consisted of patients that received neoadjuvant cisplatin-based chemotherapy prior to radical cystectomy. Group 2 (n = 35) consisted of patients that underwent radical cystectomy without NAC. Patients were matched for age at surgery and American Society of Anesthesiologists (ASA) grade. No patients in either group had a prior history of venous thromboembolic disease.
Predictors for Thromboembolic Events
We used logistic regression analyses to test potential predictors for preoperative TEEs in both groups. TEEs were defined as pulmonary emboli or deep vein thrombosis occurring in the time from diagnosis of bladder cancer to the date of surgery. Potential predictors were age, ASA grade, use of NAC, histological subtype and pathological stage. Logistic regression analysis was performed with the occurrence of a TEE treated as the dependent variable and NAC as the primary independent variable. Further logistic regression analysis was performed to assess if age and/ or ASA grade influenced the rate of thromboembolic events. The effect of therapeutic anticoagulation used in patients who developed TEEs on operative blood loss was also assessed by performing logistic regression analysis using anticoagulation status and decrease in hemoglobin level as independent variables. Student's t-tests with unequal variances were performed for pairwise comparisons.
Results
Patient Demographics
Fifty-five patients undergoing radical cystectomy for locally advanced bladder cancer were included in the analysis. Twenty patients (36.4%) received NAC prior to radical cystectomy and 35 patients (63.6%) were treated with radical cystectomy alone. The median age was 64 years in Group 1 (range 44-77 years) and 68 years in Group 2 (range 39-79 years) (p = 0.46). The median ASA grade in both groups was 2. Patient demographics and final pathological staging from radical cystectomy specimen are outlined in table 1.
Incidence and Treatment of TEEs
Among the 20 patients who received NAC, 5 patients had a preoperative TEE (25%) compared to 1 of the 35 patients (3%) who proceeded directly to radical cystectomy. All patients diagnosed with preoperative TEE were treated with perioperative therapeutic heparin anticoagulation. Two patients underwent insertion of a caval filter preoperatively. All patients without venous thromboembolism (VTE) were treated with prophylactic low molecular weight heparin (LMWH) in the perioperative period. Three patients in Group 1 had pulmonary embolism and 2 patients had deep venous thrombosis (DVT) of the lower limb. All pulmonary emboli were asymptomatic and were diagnosed on routine preoperative CT of the thorax, abdomen and pelvis. All DVTs presented with symptoms and were diagnosed on Doppler ultrasonography of the affected lower limb. One patient in Group 2 was diagnosed with asymptomatic pulmonary embolism on routine preoperative CT abdomen and pelvis. Both univariate and multivariate analysis indicated that NAC 
Group 2 (n = 35)
Browne/Davis/Nolan /MacCraith/ Lennon/Mulvin/Galvin/Quinlan prior to radical cystectomy was an independent predictor for preoperative TEEs (p = 0.033 and p = 0.043, respectively).
Therapeutic Anticoagulation and Operative Blood Loss
Mean operative blood loss was 1,980 ± 986 ml in Group 1 and 1,655 ± 918 ml in Group 2 (p = 0.22). The mean decrease in hemoglobin on the first postoperative day was 2.74 ± 1.7 g/dl in Group 1 and 2.15 ± 2.25 g/dl in Group 2. The effect of perioperative anticoagulation on postoperative hemoglobin level was not significant in this sample size (p = 0.08).
Discussion
Predisposition to perioperative VTE in major pelvic surgery for malignant disease is well established. In patients undergoing radical cystectomy length of hospital stay, increased blood loss, body mass index, surgical margins, type of urinary diversion and prior history of DVT have been identified as risk factors for developing VTE [6] [7] [8] . Therefore extended perioperative thromboprophylaxis is frequently recommended [9] . Notably, data on NAC and VTE in radical cystectomy are sparse and conflicting due to the relatively recent widespread development of NAC for muscle invasive bladder cancer. Tyson et al. [10] reported results on perioperative complications from NAC prior to radical cystectomy in 122 patients over 6 years. Their findings indicate that the risk of peripheral nerve deficit is significantly increased in patients receiving NAC; however NAC did not affect mortality after 30 days. This study did not find an increased risk of VTE with the use of NAC. Johnson et al.
[11] also found no significant increase in the rate of TEEs in patients receiving NAC. In their retrospective study, 78 of 878 (8.9%) patients undergoing radical cystectomy for non-carcinoma in situ bladder cancer received NAC. In the study, 2.6% of patients receiving NAC and 6.8% of patients undergoing radical cystectomy alone had a VTE (p = 0.3). The most significant limitation within this study is that the NAC group differed significantly from radical cystectomy alone group in terms of patient demographics. Patients that received NAC were significantly younger, more likely to be obese and less likely to be diabetic [11] .
Previous studies by Zareba et al. [4] and Duivenvoorden et al. [5] found that patients undergoing NAC are at an increased risk for developing a TEE. The main finding of the present study supports the conclusion of these large studies, that platinum-based NAC is an independent predictor for the development of preoperative TEEs in patients undergoing radical cystectomy.
Preoperative VTE risk raises significant considerations for the urologist and medical oncologist in terms of perioperative anticoagulation, preoperative imaging and patient consent. An increased risk of TEEs should be communicated to patients during the preoperative counselling process. The majority of TEEs in the present study were asymptomatic and were diagnosed on routine surveillance imaging. Improved imaging techniques with higher sensitivity may result in increasing diagnoses of non-clinically significant TEEs. Whether or not these subclinical events merit treatment is yet to be elucidated.
Patients diagnosed with a TEE received perioperative therapeutic anticoagulation with LMWH. LMWH is the preferred method of thromboprophylaxis compared to unfractionated heparin as its longer half-life and linear kinetics result in a more predictable response and negate the need for monitoring [12] . Unfractionated heparin is also associated with greater bleeding complications compared to LMWH [13] . The use of perioperative therapeutic anticoagulation in surgical patients raises concerns on increased operative blood loss. Schmitges et al. [14] demonstrated that higher doses of therapeutic LMWH resulted in higher rates of blood transfusion and prolonged drainage duration in patients undergoing open radical retropubic prostatectomy. Furthermore, patients receiving over 80 milligrams of LMWH were 4.1-fold more likely to require a blood transfusion compared to standard prophylactic doses of LMWH [14] . Interestingly, we found that therapeutic perioperative anticoagulation did not significantly affect operative blood loss and postoperative hemoglobin level. As most VTEs in this study population were asymptomatic and diagnosed on routine preoperative imaging, we have not identified any evidence for routine anticoagulation of patients undergoing NAC.
Risk of VTE is considerably increased in patients with malignancy. The magnitude or fold-increase is difficult to quantify due to variations in patient population, length of follow-up and methodology for detecting VTE [15] . The risk of VTE in patients with malignancy is also increased by the selected treatment modality. One meta-analysis on 8,216 patients demonstrated that platinum-based chemotherapy significantly increased the risk of VTE in patients with advanced solid tumors [3] . The pathogenic mechanism for VTE in these patients is debatable; however, cisplatin induces apoptosis in malignant cells with resultant endothelial damage and increased release of endothelial micro particles. Endothelial micro particles drive thrombin production and induce a procoagulable state [16] . In addition, nephrotoxicity is the primary dose-limiting side effect of cisplatin therapy [17] . Renal impairment increases the risk of VTE and this suggests the potential for an alternative pathway mechanism for increased VTEs in this patient population [18] .
The present study has limitations and our results should be reviewed with caution. It is a relatively small retrospective study; however, our database was prospectively maintained and no patients were lost to follow-up. Furthermore, a robust number of parameters were recorded and compared in both groups to eliminate the potential for confounders.
Conclusion
Neoadjuvant cisplatin-based chemotherapy is a significant predictor for perioperative VTE in patients undergoing radical cystectomy. The use of therapeutic anticoagulation in the perioperative period has no significant impact on operative blood loss. Urologists and oncologists should be aware of this important risk and be familiar with perioperative management strategies for TTEs in this patient population. The clinical implications of this issue remain to be fully elucidated. The results of this study do not support routine anticoagulation of patients undergoing NAC. Further prospective randomised trials are required to fully assess the risk of VTE in patients undergoing NAC prior to radical cystectomy and to inform practices relating to perioperative anticoagulation.
